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Abstract 
Purpose 
Vesicourethal anastomosis (VUA) during radical prostatectomy can be achieved using 
various suture plication techniques. Traditionally, an indwelling urinary catheter remains in-
situ to facilitate the healing process of the reconstructed VUA. Compromise or rupture of 
this anastomosis may lead to acute urinary leak and subsequent urinoma or stricture 
formation. This ex-vivo porcine model aims to evaluate VUA tensile strength using different 
suture techniques and catheter types. 
 
Methods  
Male porcine bladders were obtained and prostatectomy was performed. The specimens 
were randomized and VUA were created using 3-point interrupted, 6-point interrupted or 6 
point continuous 3-0 monocryl suture. 20Fr catheters were utilized, specifically varying 
manufacturers (A and B) and catheter balloon shapes (round versus oval). The VUA model 
was placed within a reproducible pulley system and graduated weights were applied util 
failure of the catheter balloon or the model VUA. Model failure was defined as either ‘VUA 
rupture’, ‘Catheter passage through VUA’ or ‘catheter failure’.  
 
Results 
Twenty consecutive porcine bladders were prepared, tested and utilized for analysis. VUA 
reconstructed with 3-point fixation was more likely to suffer VUA rupture (p=0.025) 
compared to 6-point interrupted or 6-point continuous VUA. Higher tensile pressure causing 
catheter balloon rupture (p=0.009) was observed for Manufacturer A. Catheters with oval-
balloon shape were more likely to dislodge past the VUA without disruption of the 
anastomosis (p=0.002).  
 
Conclusions 
During prostatectomy, anastomotic technique and catheter selection can significantly alter 
the tensile properties of the VUA. Further research is required to validate our findings in 
clinical models. 
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Introduction  
Radical prostatectomy remains standard of care for organ-confined prostate cancer 
and provides excellent oncological outcomes(1, 2). During radical prostatectomy, the 
continuity of the lower urinary tract is disrupted to allow for complete en-bloc prostate 
resection and is later restored by means of vesicourethral anastomosis (VUA). An ideal VUA 
should prevent urine leak and facilitates earlier return to continence. This is a key operative 
step as the presence of urinary leak can be associated with adverse outcomes including 
paralytic ileus, prolonged catheterization, urinary peritonitis, bladder neck contracture (BNC) 
and impaired urinary function (3-5). Historically, the VUA has been recreated with six 
interrupted absorbable sutures, as described by Walsh et al (6).  
Significant advances in technology have been applied to prostatectomy, leading to 
the introduction of minimally-invasive techniques including: laparoscopic and robotic-assist 
radical prostatectomy. With these minimally invasive technologies, there comes a need to 
reduce the dexterity required to complete the VUA. Amendments to suture techniques must 
be made with consideration to the key principles of VUA reconstruction: limit post-operative 
urinary leak, minimise post-operative morbidity and provide acceptable urinary function.  
These surgical techniques include: two independent continuous sutures (7), or use of 
unidirectional (8, 9) and bidirectional barbed sutures (10, 11). Despite these advances in 
anastomotic technique, contemporary rates of urinary leak remain high and have been 
reported to be between 4.5% and 7.5% (4, 12-15). Further, rates of BNC remains not 
insignificant, varying between 0.5 and 3.0% (14, 16, 17).  
Several factors are thought to increase the risk of BNC including: technical factors 
and patient factors(14). Technical factors postulated to effect BNC rates include: absence of 
mucosal eversion, poor vesico-urethral apposition, urinary extravasation, excessive 
narrowing of VUA and ischemia to the bladder neck or membranous urethra(18-22). Many 
groups have postulated that excess suture placement may increase the risk of tissue 
ischemia to the VUA and thus predispose to VUA (23). In order to reduce bladder neck 
ischemia and ensuing BNC, the use of fewer anastomotic sutures has been proposed (21, 24, 
25). Mazaris et al prospectively compared two groups of patients undergoing radical 
prostatectomy, 50 patients with VUA comprising of two anastomotic sutures and 50 patients 
with six anastomotic sutures (24). While urinary leakage was higher in patients undergoing 
2-point fixation, there was a report lower rate of BNC; however this finding did not reach 
statistical significance.  
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In advertent catheter tension immediately post-operatively is result in serious 
morbidity and require repeat intervention. In this study, using a porcine model we aimed to 
assess the tensile strength different catheter types Universa® (Cook Medical, Indiana, USA) 
and UnoMedical (Convatec, Denmark) as well as the strength of VUA using various suture 
techniques, specifically 3 point interrupted suture, 6 point interrupted suture and 6 point 
continuous suture.  
 
Materials and Methods  
Freshly-harvested porcine male lower urogenital tracts were obtained and utilized in 
this study. Prostatectomy was performed following excision of excess perivesical and 
periprostatic fat from the junction of the prostatic base and the bladder neck superiorly and 
the prostatic apex inferiorly. Bladder neck eversion was performed with standard four 
interrupted 3-0 Monocryl sutures (Poliglecaprone 25, Ethicon, Somerville, New Jersey) in all 
cases. Two separate lines were drawn on the remaining tissue – one line 3mm proximal to 
the bladder neck and one 3mm distal to the urethral resection. All VUA reconstructions were 
performed using 3-0 monocryl suture by a single operator (MP) according to group 
allocations. The single operator (MP) has sufficient urological experience in the relevant 
anastomotic techniques utilized in the current study. Suture placement was completed with 
a full thickness pass through the bladder neck and proximal urethra at the previously 
marked lines, 3mm from the free-edge.  
VUA models were randomized to three separate groups using a ballot method for 
selection. Model 1 used three interrupted simple sutures at 12, 4 and 8 o’clock positions, 
while Model 2 used six interrupted sutures at 1, 3, 5, 7, 9 and 11 o’clock positions for VUA 
construction. Model 3 VUA reconstruction was performed using a single continuous suture 
with six points of fixation, in similar positions to Model 2. Models are depicted in Figure 1. 
Upon completion of the reconstructed VUA, a leak test was performed to ensure acceptable 
anasotomotic technique.  
Two manufacturers of 20 French two-way silicone Foley catheters were utilized, 
including Universa® (Cook Medical, Indiana, USA) and UnoMedical (Convatec, Denmark). 
Prior to use, 20ml of sterile water was injected to the Foley catheter and the balloon shape 
was assessed. Catheter balloon shapes appeared to vary randomly, irrespective of 
manufacturer – in some balloons the maximal diameter was transverse (“round”) and in 
others the maximal diameter was longitudinal (“oval”). Alternating catheter manufacturer 
types were used throughout the study and balloon shape was documented. The catheter 
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was placed into the bladder model and 20ml of sterile water injected into the catheter 
balloon. The catheter was then retracted until the catheter balloon was abutting the 
reconstructed VUA – as per standard clinical conditions. The catheter was not further fixated 
to the bladder model, as the catheter was maintained in place by means of the catheter 
balloon at the reconstructed VUA. An independent observer carried out this part of study 
and the investigators were blinded to the clinical outcomes during the water-tight 
anastomosis test.  
The model VUA was placed on a pulley system by an independent blinded assessor 
(PD). Incremental weights of 2.45 Newtons (N) (or 250 grams) were placed on the system 
(Figure 2). The weight was maintained for 10 seconds to ensure no suture disruption, before 
additional weights were added until VUA disruption was encountered. Upon VUA disruption, 
the weight (tension) was recorded and the failure type was assessed. Model failure resulted 
as a consequence of either anastomotic failure (‘VUA failure’) or mechanical failure of the 
catheter (‘Catheter failure’). ‘VUA failure’, was further sub-classified as either ‘VUA rupture’ 
or ‘Catheter passage through VUA’.  ‘VUA rupture’ occurred as a result of either suture 
failure or ‘cheese-wiring’ of the suture through bladder or urethral tissues. ‘Catheter 
passage through VUA’ occurred when the VUA and catheter balloon remained intact, but 
the catheter balloon was pulled through the VUA. ‘Catheter failure’ was signified by the 
mechanical failure of the catheter, such as balloon rupture or catheter fracture. 
The primary outcome measure for the current study was the tensile strength of 
various VUA anastomotic suture techniques until ‘VUA failure’ was observed. Secondary 
outcome measures included: tensile strength of various catheter manufacturers and effect 
of catheter balloon shape on failure type. 
Data was collated using Excel® 2003 (Microsoft Corp., Redmond, WA) and statistical 
analysis completed using SPSS statistical package v20 (SPSS Inc, Chicago, Ill, USA). Sample 
calculations determined that a cohort of 21 bladders would be required to prove a 
difference in tensile strength of 29.42N (3kg) between the models with a statistical power of 
80% and an alpha risk of 5%. All parametric data was expressed as mean and standard 
deviation unless otherwise specified. The Students’ t test was used for comparing 
continuous variables and chi square test was utilized to assess for correlations between 
categorical data. Kaplan Meier regressions with multivariable analysis Log-Rank χ
2
 test were 
performed to assess risk of failure of model and catheter types with increasing weight. Two-
sided p<0.05 was considered to be statistically significant. 
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Results 
Twenty freshly harvested porcine lower urogenital tracts underwent assessment. In 
total, anastomosis was performed on Model 1 (5/20), Model 2 (9/20) and Model 3 (6/20). 
Three failure types were observed including: VUA rupture (4/20), catheter passage through 
VUA (4/20) and catheter failure (12/20). Of the observed VUA ruptures, all cases occurred as 
a result of suture ‘cheese-wiring’ through the proximal urethra.   
 
Strength of vesicourethral anastomotic models 
 On univariate analysis of overall strength, Model 1 (mean 60.9 N ± 22.5) 
underperformed compared to Model 2 (mean 75.8 N ± 23.3) and Model 3 (mean 77.7 N ± 
0.88), however these findings did not reach significance (p=0.337). Model failure types 
differed significantly between the groups, with Model 1 more likely to suffer VUA rupture 
than Model 2 or 3 (Relative risk (RR)=9.00, 95% confidence interval (CI)=1.19-68.14, p=0.033, 
χ
2
 test). Similarly, Model 2 and 3 were more likely to experience catheter balloon failure 
than model 1 (RR=3.67, 95% CI=0.62-21.73, p=0.152, χ
2
 test). 
 After accounting for catheter failures, models that suffered VUA failure or catheter 
passage were assessed. Kaplan Meier regression curves identified a significant difference in 
tensile strength across the models as outlined in Figure 3 (p=0.025, Log Rank χ
2
). Mean 
tensile strength was as follows: Model 1 (60.9 N ± 9.0), Model 2 (97.5 N ± 14.3) and Model 3 
(86.4 N  ±3.9). These findings are summarized in Table 1.  
 
Effect of catheters on model failure 
 Catheter manufacturer significantly altered tensile strength of the model. In all 
instances of catheter failure, rupture of catheter balloon was observed. On univariate 
analysis, Universa catheters provided superior tensile strength (78.3 N ± 25.8; p=0.049, 
Students t test) compared with Unomedical (66.9 N ± 10.6). These findings were confirmed 
using multivariate Kaplan Meier regression (Universa [94.1 N ± 6.4], Unomedical [69.0 N ± 
3.6], p= 0.009, Log Rank χ
2
), as outlined in Figure 4.  
 Catheter balloon shape, whether oval or round-shaped predicted model failure type. 
Oval-type balloon shapes inferred increased risk of catheter passage through the model VUR 
(OR=34.7, 95%CI=1.49-809.7, p=0.027, χ
2 
test). These findings are summarized in Table 2.  
 
Discussion  
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Radical prostatectomy is the accepted standard of care for localised prostate cancer. 
During prostatectomy, the formation of the VUA represents a pivotal step in the surgery. 
Formation of an ideal VUA should limit urinary leak, reduce morbidity and provide early 
return to continence. The presence of a urinary catheter is an integral part of this surgery as 
it provides scaffolding for the VUA healing. The current study has identified the tensile 
strength of a reconstructed VUA and the compromised tensile strength of VUA with fewer 
sutures. Secondarily, the findings of the study indicate the importance of catheter selection 
during prostatectomy. To the authors’ knowledge these tensile properties of suture 
technique and catheter selection have not been demonstrated in such manner in current 
literature. 
 The current study identified that suture technique may predict tensile strength in a 
reconstructed VUA. Further, we have identified that forces of less than 98 Newtons (10kg) 
on the post-prostatectomy urinary catheter may be sufficient to cause VUA disruption. To 
date there is a significant paucity in the literature assessing the tensile properties of various 
anastomotic suture techniques in the context of VUA. Full mucosal apposition and adequate 
tensile strength of the VUA reconstruction is critical to maintain water-tight continuity of the 
urinary tract. Inadvertent excessive traction on the urinary catheter may occur as a result of 
not securing the catheter properly, confused patients or mechanical accidents. The clinical 
findings from this study are valuable to urologists for several reasons. Firstly, a 
reconstructed VUA should be able to withstand these accidental forces that are exerted on 
the urinary catheter. Intuitively, reconstruction with fewer fixation points was associated 
with a significant reduction in tensile strength. Increasing fixation points and presence of 
continuous suture increases the tensile properties of the VUA. Secondly, the disruption of 
the VUA-catheter system did not identify a clear pattern of injury. Taking in to account the 
various scenarios of catheter failure, VUA disruption typically occurred as a result of a 
‘cheese-wiring’ effect of the anastomotic suture at the proximal urethra. It should be noted 
however, that this ex-vivo model does not evaluate the quality of peri-urethral tissue on 
proximal urethral strength. Furthermore, this model does not account for the clinical 
implications and sequelae of increasing numbers of sutures at the VUA. 
 The findings of the current study have identified that catheter manufacturer and 
catheter balloon shape may alter the tensile strength of a reconstructed VUA model. In the 
current study, all instances of catheter failure related to rupture of catheter balloon. 
Catheters maintained mean weights between 69.0 to 94.1 Newtons (7.61kg -10.38kg) in 
models of six-point fixation depending on manufacturer. Since its initial descriptions, 
 8 
advancements in radical prostatectomy have placed limited significance on catheter 
selection. Widely available medical texts outline the use of a Foley catheter with no 
recommendations on catheter tip type, manufacturer or balloon shape (26, 27). It is 
accepted that not all catheters are equal, with different biomaterials producing altering 
mechanical properties (28-32). Ramesh et al highlighted the significant variation in tensile 
strength of Foley catheters with different manufacturers. They further noted the altering 
levels of friction between manufacturers and outlined the significance of tissue damage with 
higher friction(31). The beneficial effects of catheter balloon rupture must also be 
considered. Catheter balloon rupture and subsequent dislodgement of the catheter may act 
as a protective mechanism, salvaging the integrity of the VUA. Further research assessing in-
vivo models are required to affirm these findings. Additionally, catheter balloon shape 
affected model-VUA strength and failure type. ‘Oval’ shaped catheter balloons were at 
increased risk of passage through an intact reconstructed VUA. Again, while reducing the 
protective mechanism on the integrity of the VUA may be considered. A more detailed 
analysis assessing various catheter materials and shape variables is required to definitively 
determine the accurate tensile properties of urinary catheters in this setting. 
There are several limitations to the current study. Intuitively, inherent flaws in an ex-
vivo model exist in the current study. Creation of the VUA in such manner does not allow for 
consideration of the additional support effects of surrounding pelvic and peri-urethral 
structures as well as in vivo collagen deposition and VUA healing. Future research based on 
in-vivo models are required to accurately determine the effect of the surrounding pelvic 
tissue. Due to limited samples, progressive weights were used on the models, increasing risk 
of a cheese-wiring effect on the porcine tissue. Regardless, this was standardised 
throughout the trial and was not thought to significantly affect results, however the actual 
values required for VUA failure may be higher in human tissue for the previously mentioned 
reasons. Additionally, the current study did not account for other catheter-related variables 
including balloon volume or alternate catheter materials. Finally, the current study was 
designed to assess the immediate tensile strength of the recreated VUA. Thus, the 
physiological effects and risk of post-operative urinary leak and contracture risks were not 
considered. As more fixation points may increase ischaemia and contracture risk, further in-
vivo trials of similar methodology may benefit urologists. 
 
Conclusions 
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 A water-tight tension-free VUA plays a pivotal role during radical prostatectomy. 
Inadvertent catheter traction may result in injury or disruption to the reconstructed VUA. 
Despite this, high numbers of suture points should be avoided as this may increase the risk 
of bladder neck contracture and impact post-operative urinary function. The current study 
illustrates the various tensile properties of alternating anastomotic suture types and various 
catheter types. The three-point anastomotic fixation technique resulted in reduced tensile 
strength. Increased fixation points and continuous suture techniques improved tensile 
strength of the model. However, the precise in-vivo ramifications of varying suture 
techniques have not been clearly identified in current literature. While little emphasis is 
placed on intra-operative catheter selection, the current study highlights that catheter 
balloon shape and manufacturer effects tensile strength. No doubt, more rigorous in-vivo 
studies are required to definitively determine the precise effect of suture technique and 
catheter selection on VUA tensile properties.  
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Figure 1: Schematic illustration of the three vesico-urethral anastomotic 
models utilized. Model 1: 3-point interuppted fixation with sutures at 12, 4 and 
8 o’clock. Model 2: 6-point interuppted fixation with sutures at 1, 3, 5, 7, 9 and 
11 o’clock. Model 3: 6-point continuous fixation with fixation points at 1, 3, 5, 
7, 9 and 11 o’clock. 
 
 
Figure 2: Schematic representation method of tensile strength assessment of 
the vesicourethral anastomotic model. The urinary catheter was introduced 
through the viscourethral anastomosis and 20cc of water introduced to the 
catheter balloon. The catheter was then retracted until the catheter balloon 
movement was halted by the narrow reconstructed vesicourethral 
anastomosis. No additional support was provided between the urinary 
catheter and the specimen. Graduated weights were then applied until model 
failure.  
 
 
Figure 3: Kaplan Meier regression outlining tensile strength for VUA failures 
stratified by anastomotic model type. Differences between models reached 
statistical significance (p=0.025, Log Rank χ2) 
 
 
Figure 4: Kaplan Meier regression outlining tensile strength for catheter type. 
Differences between models reached statistical significance (p=0.009, Log 
Rank χ2) 
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Table 1: Summary of outcomes stratified by vesico-urethral anastomotic suture type 
 Model 1 Model 2 Model 3 
Univariate VUA tensile strength 60.9N ± 22.5 75.8N ± 23.3 77.7N ± 0.88 
Failure type 
  VUA rupture 
  Catheter failure 
  Catheter passage through VUA 
 
3 
1 
1 
 
1 
6 
2 
 
0 
5 
1 
Mean VUA failure weight 
(Kaplan Meier Regression)  
60.9N ± 9.0 97.5N ± 14.3 
 
86.40 ±3.9 
 
 
VUA= vesicourethral anastomosis, Model 1 = 3-point interrupted suture, Model 2 = 6-point 
interrupted suture, Model 3 = 6-point continuous suture.  
 
 
 
Table 2: Summary of outcomes stratified by catheter type 
 Catheter Manufacturer Balloon Shape 
 Universa Unomedical Round Oval 
Univariate VUA tensile strength 78.3N ± 25.8 66.9N ± 10.6 NA NA 
Failure type 
  VUA rupture 
  Catheter failure 
  Catheter passage through VUA 
 
2 
5 
3 
 
2 
7 
1 
 
3 
10 
0 
 
1 
2 
4 
Mean VUA failure weight 
(Kaplan Meier Regression)  
94.1N ± 6.4 69.0N ± 3.6 NA NA 
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